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4a) Of the above claim(s) is/are withdrawn from consideration. 

5) 0 Claim(s) is/are allowed. 

6) 13 Claim(s) 49.53-56.59-64.66,68-73.75-77 and 79-83 is/are rejected, 
?)□ Claim(s) is/are objected to. 
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DETAILED ACTION 

L Claims 49, 53-56, 59-64, 66, 68-69, 71-73, 75-77, and 79-83 are pending. 

2. The following new ground of rejection is necessitated by the amendment filed 2/2/04. 

3. The following is a quotation of the first paragraph of 35 U.S.C. 1 12: 

The specification shall contain a written description of the invention, and of the manner and process of making 
and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the art to which it 
pertains, or with which it is most nearly connected, to make and use the same and shall set forth the best mode 
contemplated by the inventor of carrying out his invention. 

4. Claims 49, 53-56, 59-64, 66, 68-69, 71-73, 75-77, and 79-83 are rejected under 35 U.S.C. 1 12, 
first paragraph, because the specification, while being enabling only for a method for treating a 
subject for asthma, allergic rhinitis, atoptic eczema, dermatitis, uticaria, hives comprising 
administering to the subject an effective amount of an agent wherein the agent is selected fi-om 
the group consisting of Etx, Ctx, EtxB, and CtxB that bind to GMl wherein the agent is 
administered with an allergen and is not coupled to said allergen, does not reasonably provide 
enablement for a method for treating a subject for any Type I allergy such as insect bite allergy, 
dietary allergy and drug allergies comprismg administering to the subject a therapeutically 
effective amount of an agent such as Etx, Ctx, EtxB and CtxB alone that bind to GMl or modifies 
any GMl associated activity (claims 49, 53-55, 66, and 68) or with any antigen/allergen and not 
coupled to any antigen (claims 56, 61, 69, 71-73, 75-77, 79-83). The specification does not 
enable any person skilled in the art to which it pertams, or with which it is most nearly connected, 
to make and use the invention commensurate in scope with these claims. 

Factors to be considered in determining whether undue experimentation is required to 
practice the claimed invention are summarized In re Wands (858 F2d 73 1, 737, 8 
USPQ2d 1400, 1404 (Fed. Cir. 1988)). The factors most relevant to this rejection are the scope 
of the claim, the amount of direction or guidance provided, the lack of sufficient working 
examples, the unpredictability in the art and the amount of experimentation required to enable 
one of skill in the art to practice the claimed invention. The specification disclosure is insufficient 
to enable one skilled in the art to practice the invention as broadly claimed without an undue 
amount of experimentation. 
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The specification discloses only a method of treating asthma, allergic rhinitis, atoptic 
eczema, dermatitis, uticaria, hives comprising administering to the subject an effective amount of 
an agent wherein the agent is selected from the group consisting of Etx, Ctx, EtxB, and CtxB that 
binds to GMl wherein the agent is administered with an allergen and is not coupled to said 
allergen. The specification further discloses the use of Etx, Ctx, EtxB, CtxB for screening for 
agent that binds to GMl and GMl associated activity in vitro. 

The specification does not teach how to treat a subject for any Type I allergy such as 
insect bite allergy, dietary allergy and drug allergies comprising administering to the subject a 
therapeutically effective amount of an agent that bind to GMl or modifies any GMl associated 
activity such as Etx, Ctx, EtxB and CtxB alone. There is insufficient guidance and in vivo 
working example demonstrating that administering Etx, Ctx, EtxB or CtxB alone without the 
allergen is effective for inducing tolerance to all undisclosed antigen/allergen, drug let alone for 
treating all type I allergy such as asthma, allergic cough, allergic rhinitis, conjunctivitis, atopic 
eczema, dermatitis, uticaris, hives, inset bit allergy, dietary allergy and drug allergies. 

Even if the method of treating Type I allergy by coadministering to the subject an 
effective amount of an agent selected from the group consisting of Etx, Ctx, EtxB, or CtxB that 
binds to GMl wherein the agent is administered with an antigen/allergen and is not coupled to 
said antigen, there is insufficient guidance and in vivo working examples demonstrating that the 
claimed method is effective for treating inset bit allergy, dietary allergy and drug allergies. 
Further, the term "antigen" without the amino acid sequence has no structure. 

Kagan et a/ teach presently, the only available treatment of food allergies is dietary 
vigilance and administration of self-injectable epinephrine (abstract, in particular). 

Wiedermann et al teach suppressive versus stimulatory effects of allergen/cholera toxoid 
(CtB) conjugates depending on the nature of the allergen in which murine model of type I allergy 
as well as the route of administration (See abstract, in particular). In the absence of guidance as 
to the structure of "antigen/allergen", the route of immunization and in vivo working examples, it 
is unpredictable which undisclosed antigen/allergen when coadminister to a patient is eflFicacious 
for inducing immime tolerance. 

Herz et al teach allergens can differ in their immunogenicity as well as in their capacity 
to act as tolorogens (See abstract, page 274, nature of the antigen, in particular). Herz et al teach 
until now no mouse model has been available which resembles all of human bronchial asthma 
(page 272, column 2, Animal models of type I allergy and asthma, in particular). Each individual 
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mouse strain demonstrates a imique response pattern following immunization of allergens. The 
same allergen causes different phenotype dependent on genetical prerequisites (page 273, colimin 
1, in particular). Further, the route of allergen administration has important impact on the quality 
of the immune response (See page 273, column 2, in particular). Herz et al teach that dependence 
of experimental model and the antigen used, the effects as well as the mechanisms of action can 
vary which might indicate the complexity of predicting clinical consequences of any therapeutic 
approach (see page 279, in particular). 

Tamura et al (of record) teach that the physical association of LTB and antigen such as 
OVA is required to mediate immune suppression (See page 228, column 1, Figm^e 2, in 
particular). 

Further, the term "modulating" could be inhibitory or stimulatory, which actions are 
mutually exclusive. There is insufficient guidance as to which GMl associated activity is 
stimulatory and which GMl associated activity is inhibitory upon administering the agent to the 
subject, in turn, effective for treating all type I allergy. 

Reasonable correlation must exist between the scope of the claims and scope of 
enablement set forth. Even if the agent is limited to Etx, there is no showing in the specification 
as filed that said agent could treat all allergic disorders such as food allergy, drug allergy, insect 
bites, and contact dermatitis using a model that is specific for asthma, "It is not sufficient to 
define the recombinant molecule by its principal biological activity, e.g. having protein A 
activity, because an alleged conception having no more specificity than that is simply a wish to 
know the identity of any material with that biological property," Colbert v, Lofdahl, 21 USPQ2d, 
1068, 1071 (BPAI 1992). 

For these reasons, it would require undue experimentation of even one skilled in the art to 
practice the claimed invention. See page 1338, footnote 7 of Ex parte Aggarwal, 23 USPQ2d 
1334 (PTO Bd. Pat App. & Inter. 1992), 

In re wands, 858 F.2d at 737, 8 USPQ2d at 1404 (Fed. Cir. 1988), the decision of the 
court indicates that the more unpredictable the area is, the more specific enablement is necessary. 
In view of the quantity of experimentation necessary, the limited working examples, the 
unpredictability of the art, the lack of sufficient guidance in the specification and the breadth of 
the claims, it would take an undue amount of experimentation for one skilled in the art to practice 
the claimed invention. 
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Applicants' arguments filed 2/2/04 in conjunction with the declaration under 37 C.F.R. 
1.132 filed 6/13/03 by Neil Andrew Williams have been fully considered but are not found 
persuasive. 

AppUcants' position is that (1) amended claims no refer to Type I allergy only. (2) 
claims 49, 56, 61 and 76 have been further amended to no longer refer to antibodies, and 
derivatives of antibodies. (3) The declaration by Neil Andrew Williams shows working example 
to treating asthma, a type I allergy. As long as the specification discloses at least one method for 
making and using the claimed invention that bears reasonable correlation to the entire scope of 
the claim, then the enablement requirement is satisfied. 

However, the specification does not teach how to treat a subject for all Type I allergy 
such as insect bite allergy, dietary allergy and drug allergies comprising administering to the 
subject a therapeutically effective amount of an agent such as Etx, Ctx, EtxB and CtxB alone that 
bind to GMl or modified which GMl associated activity. There is insufficient guidance and in 
vivo working demonstrating that administering Etx, Ctx, EtxB or CtxB alone without the allergen 
is effective for inducing tolerance to all undisclosed antigen/allergen, drug, insect bites. Even if 
the method of treating Type I allergy by coadministering to the subject an effective amount of an 
agent selected from the group consisting of Etx, Ctx, EtxB, or CtxB that binds to GMl wherein 
the agent is administered with an antigen/allergen and is not coupled to said antigen, there is 
insufficient guidance and in vivo working examples demonstrating that the claimed method is 
effective for treating inset bit allergy, dietary allergy and drug allergies. Further, the term 
"antigen" without the amino acid sequence has no structure. Kagan et al teach presently, the 
only available treatment of food allergies is dietary vigilance and administration of self-injectable 
epinephrine (abstract, in particular). 

Wiedermann et al teach suppressive versus stimulatory effects of allergen/cholera toxid 
(CtB) conjugates depending on the nature of the allergen in which murine model of type I allergy 
as well as the route of administration (See abstract, in particular). The data provided in the 
declaration under 37 CFR 1.132 filed 6/1 3/03 by Neil Andrew Williams is limited to treating 
asthma using only EtxB. 

Herz et al teach allergens can differ in their immunogenicity as well as in their capacity 
to act as tolorogens (See abstract, page 274, nature of the antigen, in particular). Herz et al teach 
until now no mouse model has been available which resembles all of human bronchial asthma 
(page 272, column 2, Animal models of type I allergy and asthma, in particular). Each individual 
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mouse strain demonstrates a unique response pattern following immunization of allergens. The 
same allergen causes different phenotype dependent on genetical prerequisites (page 273, column 
1, in particular). Further, the route of allergen administration has important impact on the quality 
of the immune response (See page 273, column 2, in particular). Herz et al teach that dependence 
of experimental model and the antigen used, the effects as well as the mechanisms of action can 
vary which might indicate the complexity of predicting clinical consequences of any therapeutic 
approach (see page 279, in particular).. Further, the term "modulating" could be inhibitory or 
stimulatory, which actions are mutually exclusive. There is insufficient guidance as to which 
GMl associated activity is stimulatory and which GMl associated activity is inhibitory upon 
administering the agent to the subject, in turn, effective for treating all type I allergy. 

5 . No claim is allowed. 

6. Applicant's amendment necessitated the new ground(s) of rejection presented in this Office 
action. Accordingly, TfflS ACTION IS MADE FINAL. See MPEP § 706.07(a). Applicant is 
reminded of the extension of time policy as set forth in 37 CFR 1 .136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action, hi the event a first reply is filed within TWO 
MONTHS of the mailing date of this fmal action and the advisory action is not mailed until after 
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
CFR 1 , 1 36(a) will be calculated from the mailing date of the advisory action, hi no event, 
however, will the statutory period for reply expire later than SIX MONTHS from the date of this 
final action. 

7. Any inquiry concerning this communication or earlier communications from the examiner should 
be directed to Phuong Huynh 'TvfEON" whose telephone number is (571) 272-0846. The 
examiner can normally be reached Monday through Friday from 9:00 am to 5:30 p.m. A message 
may be left on the examiner's voice mail service. If attempts to reach the examiner by telephone 
are unsuccessfiil, the examiner's supervisor, Christina Chan can be reached on (571) 272-0841. 
The IFW official Fax number is (703) 872-9306. 
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8, Any information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published appHcations 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 

Phuong N. Huynh, Ph.D. 
Patent Examiner 
Technology Center 1600 
April 19, 2004 
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Mlergenicitv Mode^^^ 1 yirii--Mon0araph 



Food Allergy: An Overview 

Divisions ql^AIIerg^r and Clinical Ihimtinotogy and Rb^umatoi^ of Pedtjatfiqs, ft^antr^al ehUdren% Hoi^fjital. WItGill 

University t^i^atth Ceh^^^^ Montrie^l^; Duebefe; 



Food iiltei^;aff*ittif:terv^ aftd' 2%: of adM*s, f he 

gf^eat ec prtrviikwic^ :t»f ' aillergy ^ m cbilclren f eflects both : ^Itie ■ mcrea^eil pred«po«f to^ chiiclt^n 
to dc%'<rlop f6o4 ijaJlei^ies ^nd ; the dev^elopment of muriwjiolh^^^ toleranc* to cenai n food* over 
tiim, ImmMno^obuliiv CJ^^^ allergies <an be dd^^^^ 

nhcLy and those ihx\ arc predommawcly tranwenx. Although there is overlap between the xwi> 
groups, certain itjods are mtjrc liJtely than other.vtojhe roJerat^^ adulthood^ 
The diagnosis of food ;dletgy rem with the deception oi lbod'$peci6c }glB in the oomm of a cnn- 
vincmg history of iyps liiiiyp^^^ 

or bv ^)ich;mg: IgErmediatc^^ ato cont^ 

Pffjiifndy, ihe^ Onfe a^jibbl e; itr^ment of ; ibod iUei^es i is dietary vigilartcfc: and iidinim stt^topn: of 
sctf-itxicctable epinephrine. Ke^yumdf: i^\M alter^% IgErmeldiated hyp*;rscn>sitiYiS)', 

EuvimtHM i^y^Gi^iUrd^^^ [Onthie 21 Januaf>' 2003.1 



As jmiiy :3Cl^t> of AtiTeFi<2ii.n adults .self-r^potir 
food <iiierg\ iinti nlrcr rheir cytH^g habits accord- 
tngiy \3mn ^nA Powers t*)M), ShuilnrJ^'. 
r=corly ont> third of* parenrs percciYC j>dvcpse 
foot! f^^;^a^tlm vo }>e mpomible for a tnuldntdc 
of syTrvpronrs in i\mt cHWm and modify thcij- 
childitii'^ diets in response (Bock 1987). 
Although ;it(;urace itnd recent epidemiologic 
dam -tre scarce, currcnc <^timata; of the prcvur 
knee of load alltTgv^ sugjicsi that approtximatdf 
5% of youi^ ch t idrcn md . .1 -2% of fid iil ts h a vc 
rcproditcibJc syitvptonl^ resulting fVora food 
allergy (Bock" 1 987; Niesrijl et 1.994). 
Despite gieacer warfcrtcsst and rcxogni tion oF 
food allt^rgy hy both physiciivns and pcuiencs, 
nijiny iiHt'i-gist^ believer that the itciita I preva- 
laice has risen j;iibst;uVriaHy over the past 
(Jeaide>^fmiki- CO tbe ri^ie in prmlcnce pf other 
atopic condition.^ Auch: aii, itsrhm^ arid, allergic 
rhinids (NHnan and RusidI 1»92; Peat c^t 

An advi?r$cj roiKtion ro food refer* to viny 
jibucH inai rcaitdon after ibe ingestion of food 
or food iiddiiives. Adverse rcxiqrion* to foods 
m;iy re^iih from ejiuynie deikiencles .vnch as 
lactose f tuoierancc , ex^^ger tted plmrnvaco" 
bgic^ re.^poa'^es (o natufiii or added chemical 
^igencs >such A^asnactive aniinCsS in wint% m 
(•Tvtivunolbgfc responsiis. I rnniunologk 
re.sppn$t^5 CO foods can be further delTncd 
rncchariiAikally ax hnnninoghrbulin J^tg) E 
mediated and not^-lg;E mediated. The bcsi- 
charactcrized adverse ceaerions to food are 
those r hat at^e 'fype: I hy^perscTO(T;ivtty reac- 
tions, j.G.i igE Jnediated. The: Speetriim of 
fi^od alicajy ranges Itoiti eutan eous; symp- 
toms, .such as atopic dermaticis. appearing 
sev<?riti hotir*: ^fn?r the i^nge&tion tjf the 
respomibie food to popendulb^ liferthr^aten- 
tt^g x-vtnptdnis occur ring i mined lacbly upon 
Ingestion* Add! tion ally> .^jqnie ind tviduaj.s 
cxpeilencc alkrgic symptotris ooiy if the ffK^i\ 



1^ eateit bef ore spetiile ph^'s teal stimidi (ftit 
exatTipks vigorous exerci.Tc) Of if \hc indiYtd- 
ual haj^ t:oncomiiant sea atonal alicreie^f^ 
whereby certain foods elicit oral symptomsi* 
such its prur(ti.s and local swelling upon ingeit- 
tion, X'his arcicli? h limited to ckidc type 1 
hypersensi tiviiy aikrgic itacttons t<) Ibod^: 

Diagnosis 

The diaijnd.sjH of food allergic rciirs with the 
detection: of food-speeific IgE and a history 
compacible with IgE mediated sympto^ns 
occurring within an aeccptable time frame 
{nstiarty < 1 hr) after the isolated tngesrion of 
die food In qtiex lion. Symptom* that result 
from IgH-mediared mast eel! degrannlation 
products include ^'lu.shingj urticaria, stridor 
or wheeze, and gastrointestinal syirjptonts 
viich a.^ abdoniinal pain or vomiting. 
Detection of food^specifi<: lg£ can be mea- 
Mired either with a skin prick t^r or> hi vhm 
with foodk^pedftc IgH, Skin prick tesits are 
inexpensive, simple tesu and can be ptT- 
fbfrtied in. itydividuids of all ages. Skin prick 
tests have excellent: sensitiviiy and negative 
ptedkilvc; vatiic, but variable spcciftciry and 
positive predictive value:s;; therefore jikin tests^ 
^pa-rJcnlai^ly when perrornicd wfrb frevh 
foods V can reliably exclude food aliergieji 
when aegativcv but cannot confirm food 
allergv' when positive (Boek er aL 19/6; Msy 
197(>> Sainpiion 1 9Mk When niciiiorcd wiilv 
the InununoCAi^ metkod f Pharmacia Be 
Upiobn D iagnoitf : AB, Uppsiila , S\veden)^ 
a fiiioroenstymacic immitnoajisayi t^uantitati ve 
Bieasitms af ftjod-$pecific IgE can be deter- 
fanned, and diese nteasurementi^ onv be iiso 
fill in the diajSf nosis of f6od allergy . rhc 
posi ti v<^^ and ne^ativy .prcdic tiye valites of a 
iimited ntnnber of foodrspeeific deieftm- 
nationjj iiav^e becti publisStcd t\vu define cut- 
off vahtcii that rebakly predict the Irkelihond 



of food allergy v/hm comparetl with doable- 
blind, place be -eon tf oiled food cball en^^es 
(DBPCte) (Sampson 20:01 j. The DBPCFC 
is the "gold standaid" of food ailer^' diagno- 
i.i.> ^nd requires the adnvimstriuioiv of inctx> 
mental quantities e)f rhe sns^pected food vo 
the patient in controlled, blinded, and 
s«|W:VisM scribing, where observation ^nid 
dficun>entatii>n of objejetive allergic signs are 
trored, Tlie procedurt: and safety of 
DBPCFC have been de.seribed elsewhere 
(8(?ck et af; l9^^«8), Thu5. the diagnoiii* of 
food allergy tan be ntade when the history i.s 
convincing of an igE-meciiated reaction and 
confirmatory skia tests oi specific I^E asjiay;> 
are posirive. However, when rhe history 
elicii:ed is^ not ekady typicai of an ligE-medi- 
atc^d reaction, either by de.scriprioii of ^^mp- 
toms or in riming, or when the meal that 
prt>duced the miction contained several aller- 
gic possibitides, positive ddn tests or sped 
[gE mcajiureimnts m\m: be canfirnicd with 
pBP(:}l-C before an acctirate diagnosis of 
food allergy is made. Clearly, when the hiv 
tory and lab tests are convintin^ of food 
allergy^, die DBPCFC is nor Lndtcated. 

Natural History of Food Alfergy 

Most iood ailer^iev have their onset in 
infancy or eariy childhood, depending on 
wlien tht fbod is introduced into the diet, 
Thec^rerically, any food containing a protein 
could elicit an alfer^lc reaction; bov/ever, 
eight common foods are respondble for 
> 90% of food allergies ffleile et aL 1 996). 
Tlie natural history of feod ailcrgj' varies widi 
the individtntl food, but many of the foods- 
That elicit allergic reacdon.s in young children 
can be eventually reintroduced into the diet, 
Thu$< most food allergies can be ela.s.si6ed xs\ 
*likeiy to resolve" or "iikely io per$isi.*' Food 
aik.t:gtcs that usuaLV resolve iritiude rnilk> soy, 
e^gi and wheat These aUetgit^ cypicaiiy pre- 
^enr in mfmcy and nsualk resolve by school 
age. i^ood zllct^tH that usually per:sist include 
peantiiv tree nut$, M\< and shellfish. Ehese, 
coo, usually presetit in cady childhood, shordy 
after the introduction of ihe?;e fimd$ \ mo the 
u;iual diet. Although most individuals with 



Address <:<Jxre^^^po«denctf to R;. Kagan. The K^lontreui 
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pt-niiit wirhithcsc ailerglci intiefmiMv^ $qme 
ch'tldrca mil: develop toknmce to T-b:« htyd^ 
ami will^ b;C;;^bf.c t0 jemmHiuce tbcm -^afejl^ 
info thelf dik, 

Milfc aflciigv' almost >tlway.<i :prt'sents in ihe 
fet year of ffi, soon »itier; die ifUK54ucdon of 

v^^ch cow^ jviSk d 

sympujnis, appmxiinacel>^^(^-?;(J^ hai^ cuta- 
neous ferur^,; !ibo lO^BO^^^'b will have 
resi^ifitofv >7mpioms (Host il ^94). Milk 
allergy affeers/up va 2>5%-pf hifants, wkh 

IgE-metliated rtiilk ; aUerg^ and; a}i|f>toxi4?m^^ 
1 .5% of cbtldfen devdoping nonrlgE-mccliatixl 
milk atlergv (Hon and Halken ^ ; 10^50): Tn s 
pro^pecrive: srudy by Hmi iniiHAm tl 990). 

nevi-borns duign^mi wi rfv towls mill< pro- 
rein alkrg>'/in colerai vcc based on clinunatioii 
<\ici% mcl piilk recKaiicngiss, OfW iti^mts diag- 
nosed Matb hiflk allergy or milk mrDfcrana% 21 
infijnrs bad pc>Rifive irkiri ar i^eruni I^^E rc^-tS: to 
milk and IB W non-lgE-maliacd co\v> milk 

to tolerate rnilk: by 1 year ot age. 77% by :? 
ycafSi and $7%;;!5y;3 y^^ars* Of childj-ciir witi^t 
igB^rt^dkcai a>w-^vm^^ aiiergv% 14% had: jhtt^ 
si.stent milk oJfei^y at the age of 5 md 1 0 ycsr^j- 
A! i of r be : cbtld rcn wi t b ■ Tion- igE- rned laU'd 
inilk filici^V and nKt^t childreti widi igE- 
medtaiicxi cow's inHk all^i"^^ 
rrodua^ milk producrs fcy ag<f 5; hwvc'\^T, 3 of 
21 of fhc ilgE-nicdiatdl group reriiiiin^d allcrgjc 
well:intb::mid-childbood. Thus, in an xim^^r 
kcted populandti,,- inllk dkr^y usually rcsob'^ 
by school ag;t\ biu among highly atopic diil- 
dri^n* milk alleri^y b more likely to persist 
(Blsiiop ct aL 1990^ Tiklcaiicn et al. 2000); ' 

Rt$k;{actot'j for pei^istcncc of milk tillerg)^ 
includt* eariv dcFiTvatiib pracrim^^ 
alkrgy; developnicnr of orhiT aropic condi- 

arid allergic; rhinidA; arKl persisteiiec;^o^ 
\^i;ed lo^cLs of milk-spccffic IgE (Sicherer and 
Sampson I99:?v Zi'tger ct J 999). in j^en- 
erd, as [okrance to IgE-mediatt?d;^m^^ 
ii acKicvalv the size of the wheal aivd fkre on 
the skin prick tcsa dccreiV5C5; bovi'em^ ir fnay 
con tm ue ro remai n posi the bey^o nd acqubi i- 
ctoa of climcal tofcrancc, Seriim^pedfic I^E^ 
measated by the ImniunoGA^B sy^irt«fft.i 
app<:*af^; m be a more seiuitlve mcasiire for Ac 
pr^dktion <>f; food ;dkrgy fesoluctonv cspc- 
*r:ia[ly i n : pa tic a is with a topic d e rm a t i tis 
(Sanipson 2001)> 

Soyi is comidered; a niajor ted aikri^^ 
and is a fftod I ntrodviced rcr i niants in & 
f(^rnv of infant; fcmula^ ^?^^y- 
b a*ccl i n fon t form u las : are ,reco mm eiidcd 
for families rpUow-ing; yegecat:%i::dtera^^^^ 
rciit ria ionsv < for ch il dbtr \vi tlii cfthgemtat o r 



with diagnosed Igli mediated cow* s; milk 
Akr^^ G)f ^tbildren wl^k %E-nHxfo)ic*d a^w V 
milk aitergjv .fe^'^^^^ 1;^^ >^'Hl:dev<ilop a 
concoxnitanr allergy to s«>y, biu rnosr inters 
will tokraie soy protein without/ difficulty 
(Zf tpri t'C al, 1939), The prevalt^jice of Noy 
.iiJ|f%}^/^oy brolc^^^ varks ^\4ih-;the:;fr<rr^^ ; 
<|li<^Hib)^'^;VYic inTrodjuc<id mt<> 

i-egJioififtl tiieits.^^ appeaix to affect 1-6% 
of ihfiai^r? 1 997i Magtiplfi ; 

ct al;;il99!S)j Sympro.nu associated ;>viih:i^^^^ 
allergy; ; iMiid^- r^'pical IgE-maiiar^d feauJ res 
a^ v^^ll ai iiiiti^lgE-^^^ 

wrtiptomf Mdx as !teinarochexi<i and ' tnalab- ; 
sOrjiino»< f iofe food-^spe* 
cific tgH iif^i: us^^ TO: detect rbe pre^eitce of 
1 gE-, howc-x^er, boch rn qd alities Ha vt: poo r 
speciJ1dt>^anU:po5tuv^^ipf<^^ 
CGiampi^tro er at ]997\ Sampson 200 1)- 
Thiv natural hbtory of IgE-mcdiared soy 
alkrgy i^ siaiibr to fh:K of other ''predomi- 
riaijtif transient" ailtrgicii and most child itjn 
cart ^>i^afj? so)^ products by school age; ; ; 

:tlK prevalence of egg ^ilki gs- is estlniated 
M I;l6r^2i6?ti i of : tbe general pediatric pppl^li*" 
tion: biit^ k ^iigniftcaiuly higher among in di- 
vidtsa U wi th atopic de rmatin^' an il' orhet 
CO I feritf af opie conditions ( Darmeus ; ak 
1977; Eggesbo tn al, 2001), Umi children 
dcYcldpiTig alkfgf c sy mpromx m in|i;t^tiOn o f 
egg d<.nx>ibp; sy mpto^^^^^ 30 m\th ^ More 

ihan 85% of ieg^j-alkrgic i;hi!dr<:a develop 
ciiC3incou$ syrinpfcorn^;, 60% have gastrwintesri- 
iial^ ^ynipvoin?*; iand ^iip to 40% will have asso^ 
ciatcd respiratory syniproms (Ir^ge^cbo tr id. 
2001; l^ord and Taylor 19^2). In Ford and 
-rayloKs (1.982) de.scripcion of the aatarat bis- 
Uir}' of alkrgy^ '^^*H>: af egg-allergic . 
dren were able xo reinrroduce egg products 
mio their dieviby: school age, but; the retitijun- 
ing M% persi^ited with egg allefgy. Clhlldtt;a 
With persistent eg^ allergy had .slgniricantiy 
more ■ targt^t 0 rgaf^s affetid ac ihc time of the 
ini tial a llergic rcactioo v were m o rc» likely to 
act|uife addleiooal atopic condition.^,: and 
continued: TO have positive prick Am tcsis lo 
^gg- :;Hgg-spGC:it'ici lgE. measured by the 
ItoanoCAP irte^^^ to predicdng 

thelikeUhtmirofposidve eha^ 
ofiHalues have bccii propOjed for thti>: cfllcct 

; temiiSv r*uts,.:fi.ri)., md seaf(->od>alkrgies 
genierally pi? rsi is; r i ndefnn i cly. 0t her foO d^s 
ipamcuiarly iJc^d^; Cc,g*y sc^amisj poppy^ nm- 
rard)^ nfighc; aho be added xo rhis; list. 
iJncotntnonlyr r^^^ of tolerance develop 
ing fo these foo# havc: been publl^liedv hut 
until vcr>'Tecentiv^ the; pctsistcave: of rhesc 
fed idkrgtelm^^ 

Peanii f iilergy ; deieri^*^ s; pa rncul ar arren- 
X ion h^amv r^ almost; alvyays^ present^j; early iio 
life;, is 6lLeii.s«;vertv gencraily perijtsrs: indeS- 
nicely knd i$ tb^^ im^? c<SiiHTTioft cause of fatal 



; fi>odr.rc!a.ret;li an m 
1989; Samp.«in ti ah 1992). AdtljtUooa{!y. 
b<5taUite of peanxtt*s cefai^ 
tal; <?xpo5urcsi oc^rtr fi:e(^uem!y^ dfepiie: vigi-- 
lanr:arri^rhprs t 

foods (iBocfc arut Atkins l§89;VanderUck ex 
ak lOCK^; The prfencc of peaniK^ alkrp- is 

: dppf Oxiinaty^^^^ is 5ome evt- 

;d<rrice; tha;^:;i:Bjj^ has iinmajsed (Grtuidy ^ d, 
2O02;^S^u^p^on J99(t; ^ ^j-k' U>99> 

Tariqiet ak f996). tar% er aL (199^) 

-d^siirab^d che prevaienceofpcanux aikr|):3nd 
pt^vntit ^teniio^adon Iri a birth; 
drar born ferwcen 1989:and 1990: The 
preyai^rice cif sertv^lti^adon peart ut was 
l\ 1% ahd the pr<iyalenee of confirmed peanut 

' iill%y Was ;Dv5%r& 200^1^^^ a similar birth 
cohbrivbora berv/eiin 195H and 1 996, wai^ 
prospa-^rmi foilowo^^ tor evidence' of peanut 
sensitiSfatiio^n ^ii%g^ The ^ensitimion 
prevaknce had inereaL<ied to 3^2Mi:^ and the 
peanuf allergy prevalence lo^e to 
(C^niniiyetalv^^^ 

Approximacely B0% of peanu t-al Icrgic 
childf en develop allergic syinpronrs at rhc 
dtiic oi- their ftr>sc known expo^:uc^' to p<atiut, 
> 9i^% develop s\'m proms \vithin 3 mi n of 
irJg^smscVv 9d^H> 

have" respir-acory symptom fr -U»d 5.0% 
develop allergic n^axitfc->ra^foh.'i to contact 
,aionc.{Hoiirihane ei aL 1997; Sichcrer ec ai< 
1993)/ .After diagnosis and despitc^^^ 
rncasurCvSr most pciuuic-altcr^^ic chik-tren have 
acci denil al: ; expOiivj tcs\vo\ pean ui; ; ftml t i f\^\ i n 
allergic s)Ti^K0in5^and ;> 40% of ^nbseqnent 
allergk feacnon^ may be more severe than 
the initial reacrion (Bock and Ackin? 1989; 
Vander Lctk er al 2{M)0)* Howeverv In a sub- 
svj ofipeannt-aikrpc childretv. tip to 20% 
will bccoEne tokrant to peanut wdl he 
able to r^inrrodiice :p«anui i nro t hei r diets 
CHourihane ec al, 1998; Skotnick et al 2001: 
Spcrgci ciaL 2000), Factors that: appear to 
pH^diit TC^Johuion of pcantir allergy include 
kiid: cutancon.t allergic feaiure^ M onsec, 
fevver associated atopic featurt;?^* lossJ or 
diminution of skin prick test ceaccions to 
pi^tumt>artd:;lovvk^'eisnf peanut' iipc^inc:!^ 

Studies Oft the natural hisron' of allergies 
TO other fbod^y CO n&idered to - be nik^ 
^c^hti Atrbough lr 4<^es ;a 
lidrdb: with shyKrdi aikrg}' rcniain atkrgic co 
CHBtaceans^ reports of ; individualsi beooming 
tolerant to iiiirimp have been published 
(Daiii e£ al 19*^^0). Uke^^^ise, ^ it 1,^1: pOv^si 
fhiir: tokrance: u> tjiher '*per.vi5>tcnt" ftiJod 
dkrgies may &velop in-:s^ 
bat pub licarion^ provide li?ck: guidance in 
deter tnioing which patients may resume cm- 
ing fhe^u: foods.; In the interimv paneots with 
alk^rgi eii to o \ its, seeds, tiiih and c rustac vans 
^arc advisc^ditoiavold ingm 
i hdef i ni tc!y:»:i un I e$$ oral cha 1 ! e nge tesr *i 
ckmonstrare ati<ju»Mtk>n:0^ 
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treatment 

TKe ireaimenf of food alkrgy limited m 
encouraging strkt dietary vlgUiince arid rh^ 
iibttify to seff'trear. allergic rtaciion if h 
wert: CO occttr; Maamming dietunfr vigilance 
is difHuuli iuid <;tressful but can retlitce rbe 
Hkt'iihood of experiencing a rv acGidentai 
ingestion of the alkrgic food (Bock and 
Allans IWh Ewan andfelark 2001; mmcuxi 
ct al 2000; Van<lL:r Leek ct uL 2000); 
Currently, the only aviiilabie ilicrapv for food 
iiller^n- i-v ivvoidafict and selikrcaninicnc wicb 
diiio -i n jtctab! L' epi ntphri nii-; Earlv iid miii ts"-- 
I ra t km (.>r ;cpin cphriiTt' i s; lifc-,?riving, md 
propi-r teclVn:i<j|uc i^botild he Taught u> 
rood-aiietgic individuais (Sampson er ah 
1 992) . Pfom \il ng inimunoiherapy i ntcrven- 
tion^i ar<^ heing d<?veloped to dimin ish tlie 
st'vcrity of llfe-rhrcarcning food aHergies but 
are not yet coinnierc ial ly ava i kbk^ 

ConcltJsion 

Food allenj^ies ivfTecr b<:t>vceh 5% And B% of 
die podiiitTjjC popyl^uiprt and betvvt^eji : l%;and 
2% M the aduk populaddii and appear ro be 
rijiirig, iyl:)nY food aOcfgiey are "outgfown" 
durini^ childhoodl bur; some mdivjduisi?; myct 
develop tbtence cd:#nlc of the ni6ji:e tom- 
nioaiy ""tXiUXijicrit i\>od allerprts ;;ind 
vcmajTt synipromstric indefinitely. Factors 
^injocktcd Mth the persistence of "transient' 
k>od allergies include early 6!iiiet> greater 
^jevt^rity of oikrg^ expression, collatenil aropk 
coiidinons. pcrsivtcaci^ ofjskin prick tej^r ri^ac- 
lions, and clcvaced fopd'Spceific IgE. 
Cqnvcr^ejy. iv rni:nonvy <>f individuals with 
ajlet^y to f ood^ traditioniilly believed to; per- 
sist iridefinttely hiive deititVnjitrited loss of the 
dlergy und clinical roleti^^^::^- I^tirdm rescurch 
into die risk factors and ussociiifcd ^dini^O^l 
and laboratory testis thai; iniiV predicr persis- 
tence or resolut:ion of food alicrgv m^vy help 
to <:hat;K:teri/e t his dichoconvy. 
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Abstract 

Recent reports hav^e demonstrated that feeding small amounts of antigen conjugated to the B 
subunit of cholera toxin (CTB) suppress immune responses in experimental models of certain 
Thi -based autoimmune diseases. We have established a model of aerosol sensitization leading 
to Th2-mediated allergic immune responses in BALB/c mice. In the present study two different 
antigens, the dietary antigen ovalbumin (OVA) and the inhalant allergen Bet v 1 (the major 
birch pollen allergen), chemically coupled to recombinant CTB were tested for their potential to 
influence Th2-like immune responses. Intranasal administration of OVA-CTB prior to 
sensitization with OVA led to a significant decrease of antigen-specific IgE antibody levels, but 
a marked increase of OVA-specific lgG2a antibodies as compared to non-pretreated, sensitized 
animals. Antigen-specific lympho-proliferative responses m vitro were reduced by 65% in the 
pretreated group; IL-5 and IL-4, but not IFN^, production were markedly decreased in responder 
cells of lungs and spleens of nasally pretreated mice. In contrast, mucosal administration of 
rBet V 1-CTB conjugates prior to sensitization led to an up-regulation of allergen-specific IgE, 
IgGI and lgG2a, increased in vitro lympho-proliferative responses as well as augmented 
production of IL-5, IL-4, IL-10 and IFN^. Intranasal administration prior to sensitization of 
unconjugated allergens showed also contrasting effects: OVA could not significantly influence 
antigen-specific antibody or cytokine production, whereas intranasal pretreatment with 
unconjugated Bet v 1 suppressed alfergen-spectfic immune responses in vivo and in vitro. 
These results demonstrated that the two antigens — in conjugated as in unconjugated form — had 
different effects on the T^2 immune responses. We therefore conclude that the tolerogenic or 
immunogenic properties of CTB — and probably also other antigen-delivery systems— strongly 
depend on the nature of the coupled antigen-allergen. 



Introduction 

It is well established that mucosal administration of soluble 
antigens induces systemic immunological unresponsiveness, 
a phenomenon known as mucosal tolerance (1.2). However, 
it has been recognized that the effectiveness of mucosal 
tolerance often requires repeated and large amounts of 



antigen, and sometimes the suppressed immune responses 
are of short duration. On the other hand, molecules with 
known mucosa-binding properties are known to induce local 
and systemic immune responses when administered by the 
mucosal routes (3). Among these, cholera toxin (CT) is 
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one of the nnost potent mucosal immunogens. which, when 
administered sinnultaneously with an antigen by the nnucosal 
route, enhances imnnune responses to the co-adnninistered 
antigen (4). In contrast to cholera holotoxin, nnucosal adminis- 
tration of only the non-toxic, mucosa-binding B subunit of CT 
(CTB). physically coupled to an antigen, has been recently 
recognized to enhance peripheral tolerance induction (5). 
Sun et al. demonstrated that a single feeding of antigen 
conjugated to CTB led to suppression of T cell responses 
in vivo and in vitro at doses 15- to 500-fold lower than at 
those of corresponding regimes using unconjugated antigens 
(5). In line with this finding further studies have demonstrated 
the effectiveness of such antigen-CTB formulations in 
preventing or treating certain Th1 -based diseases, such as 
experimental autoimmune encephalomyelitis (6) or spon- 
taneous autoimmune diabetes (7). Recently, a similar 
transmucosal carrier-delivery system, the enterotoxin B of 
Escherichia co// conjugated to antigen, has been successfully 
used for suppression not only of antigen-specific T cell 
responses but also of antigen-specific IgE production (8). So 
far, this is the only study providing evidence that such a 
mucosal antigen-delivery system might be a promising strat- 
egy to suppress immune responses, based on excessive 
Th2 cell activity. 

Type I allergy is very common in areas of the temperate 
climate zone and the prevalence of the disease has constantly 
increased within the last years (9). This genetically determined 
immunodisorder, manifested by symptoms like allergic rhinitis, 
conjuctivitis or allergic asthma, is based on the excessive 
production of IgE antibodies against allergenic molecules 
(10). The pathway of IgE regulation is well described for mice 
and humans, and essentially explained by the reciprocal 
activity of IL-4 and IL-5. mediating \2 responses, and 
IFN-Y. which antagonizes these effects (11-13). 

We have established a murine model of aerosol sensitization 
leading to allergen-specific Th2-mediated immune responses 
i.e. high IgE/lgGI versus low lgG2a antibody levels and 
positive type I skin tests in vivo, an immunological state 
comparable to that of human type I allergy. Using this model 
system we have recently reported that simultaneous inhalation 
of allergen and cholera holotoxin can modulate the allergic 
immune response in naive as well as in sensitized animals (14). 

In the present study we investigated, whether mucosa! 
delivery of antigen-CTB conjugates could also be successfully 
used to suppress type I allergic immune responses. Two 
different antigens were used for this purpose: ovalbumin 
(OVA), a frequently experimentally used dietary antigen, and 
recombinant Bet v 1, the major allergen of birch pollen (BP) 
and a clinically important inhalant allergen (15,16). 

Methods 

Animals 

Female, 7-week-old, BALB/c mice were obtained from Charles 
River (Sulzfeld, Germany). All experiments were approved by 
the Animal Experimentation Ethics Committee of the University 
of Vienna and the Ministry of Science and Research. 

Antigens 

Recombinant Bet v 1 (rBet v 1) was purchased from Biomay 
(Linz, Austria). 



BP was obtained from Allergen (Engelholm. Sweden) and 
used for the preparation of a BP extract as previously 
described (14). 

Recombinant CTB was produced in a mutant strain of Vibrio 
cholerae deleted from the CTA subunit gene and transfected 
with a plasmid encoding CTB. CTB was purified by sequential 
precipitation and gel filtration chromatography (17.18). OVA 
(Sigma, St Louis, MO) and rBet v 1 were covalently bound to 
CTB at a molar ratio of 1:1 using AAsuccinlmidyl 
3-(2-pyridyldithio) propionate (SPDP) as bifunctional coupling 
reagent, according to the protocol described by Sun et al. 
(5). The resulting OVA-CTB and rBet v 1-CTB conjugates 
were purified by gel filtration through a column of Sephacryl 
S-300. The conjugates were shown to retain GM1 binding 
capacity and serological activity of both OVA and rBet v 1 by 
means of solid-phase ELiSA (19). 

Nasal administration of CTB-coupled proteins 

Mice (n = 6/group) were anesthetized and 40 ng/30 |il NaCI 
of the OVA-CTB (20 ^g OVA conjugated to 20 ^ig CTB) or 
rBet V 1-CTB (20 |ag rBet v 1 coupled to 20 \iQ CTB) 
were intranasally applied. For control purposes corresponding 
amounts of unconjugated OVA or rBet v 1 or NaCI were 
intranasally applied to mice (n = 6/group). This procedure 
was performed at three occasions at 7 day intervals prior to 
sensitization (days -21, -14 and -7; Fig. 1 experimental 
design). 

Sensitization 

Pretreated and sham-pretreated mice were once injected 
i.p. with 50 \iQ OVA or 1 |iig rBet v 1 adsorbed to A1(0H)3 
(day 0). Fourteen days later aerosol exposure to a 0.1% OVA 
or BP solution was daily performed during a period of 2 times 
over 5 days (days 14-18 and 21-25) as previously described 
(14). The OVA and the BP solution were aerosolized using a 
nebulizer (nebulizer 646; Devilbiss, Sommerset, PA). The 
mice were exposed to 4 mi solution for 20 min/day (Fig. 1, 
experimental design). 



Sampling 

Blood samples were taken before sensitization and 6 days 
after the last aerosol exposure. Serum was prepared and 
stored at -20° C until analyzed. 

Bronchoalveolar lavage (BAL) was collected by lavaging 
the lungs with 1 ml PBS inserted through a small incision in 
the trachea of the sacrificed mice (14). 

Immunoblots 

Proteins were separated by SDS-PAGE and transferred to 
nitrocellulose by electroblotting according to standard proto- 
cols (20.21). Sera from OVA and Bet v 1/BP immunized mice 
were Incubated in 1/5. (IgE) and 1/100 (IgGI and lgG2a) 
dilutions with nitrocellulose stripes coated with OVA or BP 
extract. Immunoblots were performed with rat anti-mouse IgE 
(1/250), lgG1 (1/500) or lgG2a (1/250; PharMingen, San 
Diego, CA) followed by radiolabeled sheep anti-rat Ig 
(1/1000; Amersham, Little Chalfont. UK). 
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Fig. 1. Experimental design. Two groups of control mice {n = 6/group) were either i.p. immunized with 0\/A/AI{0H)3 or with rBet v 1/AI(0H)3 
and subsequently aerosolized with an 0.1% OVA or BP solution. Before sensitization 0.9% NaCi (sham- pre treatment) was intranasatly applied. 
Four groups of mice {n = 6/group) were SXtntranasafly treated with OVA-CTB, rBet v 1-CTB, unconjugated OVA or unconjugated rBet v 1. 
Thereafter the mice were immunized with OVA or rBet v 1/BP as described for the control mice. 



Determination of antigen-specific antibody levels in serum 
and bronchial lavage 

fVticrotiter plates (Nunc, Roskilde, Denmark) were coated with 
OVA (10 |ig/ml carbonate buffer) and BP extract (50 ng/m!). 
Serunn samples were diluted 1/1000 for lgG1, 1/500 for lgG2a 
and 1/10 for IgE; BAL was used undiluted. Rat anti-mouse 
IgGI. lgG2a, IgE and IgA antibodies (1 |ag/ml; PharMlngen) 
and thereafter peroxidase-conjugated mouse anti-rat IgG 
antibodies (1/1000; Jackson ImmunoResearch. PA) were 
used. Color development was performed as previously 
described (14). 

lymphocyte proliferation assay 

At sacrifice, 7 days after the last aerosol exposure (day 
32), spleens and lungs with associated lymph nodes were 
removed under sterile conditions. The. organs were homo- 
genized, erythrocytes were lysed, and the cells washed and 
resuspended in complete medium (RPMI, 10% PCS, 0.1 mg/ml 
gentamycin, 2 vcM gfutamine and 50 2-mercaptoethanol). 
Suspensions of spleen cells as well as lung cells with associ- 
ated lymph nodes were plated into 96-well round-bottom 
plates at a concentration of 2x10^/200 ^il/well and stimulated 
with and without concanavalin A (Con A; 0.5 jig/well). OVA 
(40 |ig/well) or BP (5 ^ig/well) for 4 days. Thereafter the cultures 
were pulsed with 0.5 |iCi/well [^H]thymidine (Amersham) for 
16 h and the proliferative responses measured by scintillation 
counting. 



Measurement of cytokine production in spleen and lung 
cell cultures 

For determination of IL-5, IL-4, IL-10 and IFN-y production 
spleen and lung cells were cultured with and without Con A 
(2.5 ^g/well). OVA (100 |ag/well) and BP (25 ^g/well) in 
48-well plates (Costar, Cambridge. MA, USA) at a concentra- 
tion of 5x10^/0.5 ml/well. After 24 and 48 h supernatants 
were taken and stored at -20° C until analyzed. 

The levels of IL-5, IL-4, IL-10 and IFN-y were measured 
with mouse ELISA kits (Endogene, Cambridge, MA). The 
sensitivity of the IL-5 and IL-4 assay was <5 pg/ml and of 
the IL-10 and IFN-y ELISA <15 pg/ml. 

Statistics 

For statistical analysis the Mann-Whithney U~test was used. 

Results 

Sensitization 

Mice, immunized i.p. with OVA or Bet v 1 adsorbed to AI(0H)3 
and subsequently exposed to an OVA or BP solution via 
aerosol, displayed high allergen-specific lgG1/lgE versus low 
lgG2a antibody levels. Figure 2(A) demonstrates the binding 
of serum IgE, IgGI and lgG2a antibodies from OVA-sensitlzed 
mice to the 40 kDa molecule. Mouse sera from Bet v 1/BP 
immunized mice only bound to the 17 kDa Bet v 1 molecule 
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Fig. 2. Immunoblot, performed with pooled sera of mice immunized 
according to the standard immunization protocol, i.e. 1 xi.p. injection 
of AI(0H)3 adsorbed OVA or Bet v 1, followed by aerosol exposure 
to 0.1% OVA or BP solution, (pre) Nitrocellulose stripes incubated 
with pooled preimmune sera (OVA) Binding of serum IgE, tgG1 and 
|gG2a from OVA sensitized mice to the 40 kDa OVA molecule. (BP) 
Binding of serum IgE, lgG1 and lgG2aof Bet v 1/BP immunized mice 
to Bet V 1, the 17 kDa major BP allergen. Additional IgGI binding to 
the 34 KDa Bet v 1 dimer 



(Fig. 28). Therefore, all tests performed with BP extract reflect 
the immune reactivity to Bet v 1 exclusively. 

Mucosal administration of OVA~CTB conjugate leads to sup- 
pression whereas application of rBet v 1~CT8 conjugates 
augments T^P-like immune responses in vivo 
Antigen-specific antibody levels in serum and BAL were 
measured in mice treated 3 times intranasally with OVA-CTB 
or unconjugated OVA or 3 times intranasally pretreated with 
rBet v 1-CTB conjugates or unconjugated rBet v 1 and 
compared with those of OVA- or Bet v 1 -sensitized control 
mice. 

As shown in Fig. 3(A) mucosal pretreatment with OVA-CTB 
conjugates led to a significant reduction of OVA-specific IgE 
antibody levels but simultaneously to a drastic increase of 
anti-0VAlgG2a antibody levels. lgG1 anti-OVA antibody levels 
(Fig. 3 A) as well as IgA anti-OVA levels in BAL did not differ 
between the sensitized (IgA-OD: 0.279 ± 0.23) and the 
nasally pretreated mice (IgA-OD: 0.219 ± 219). Intranasal 
administration of equivalent doses of unconjugated OVA could 
not markedly decrease antigen-specific IgE nor significantly 
increase lgG2a antibody levels (Fig. SB). 

In total contrast to the pretreatment with OVA-CTB conjug- 
ates, intranasal administration of rBet v 1-CTB conjugate prior 
to sensitization led to enhanced antibody responses of all 
isotypes examined. In particular, IgE, IgGI and lgG2a anti- 
bodies against BP/Bet v 1 were significantly higher in the 
conjugate pretreated group as compared to the sensitized 
animals (P < 0.01, Fig. 3A). A similar increase in allergen- 
specific IgA antibody levels in BAL was noted in the conjugate 
pretreated animals (OD: 1.0 ± 0.7) compared to the controls 
(OD: 0.087 ± 0.05). To investigate, if the enhanced immune 
responses were due to CTB, unconjugated rBet v 1 was 
intranasally applied before sensitization. This pretreatment 
led to a strong reduction of the allergen-specific antibody 
responses of alt isotypes as shown in Fig. 3(B). 



Pretreatment with OVA-CTB conjugates leads to suppression, 
whereas rBet v 1-CTB conjugates cause enhancement of 
antigen-specific lympho-proliferative responses in vitro 
Antigen-specific lympho-proliferative responses were meas- 
ured in lung and spleen cell cultures of mice pretreated 
with antlgen-CTB conjugate or unconjugated antigen and 
compared with cultures derived from sensitized animals. 
Lympho-proliferative responses in lung cells of OVA-CTB 
pretreated mice were reduced by 65% [stimulation index (SI): 
2 ± 1.0] compared to the sensitized mice (SI: 5.7 ± 4.7, 
P < 0.05). An even stronger reduction (81%) of the lympho- 
proliferative response was noted in the group of mice pre- 
treated with unconjugated OVA (SI: 2.1 ± 2.3) compared to 
the sensitized mice (SI: 113 ± 4.4, P < 0.02). However, in 
spleen cell cultures no differences in the antigen-specific 
proliferative responses were observed between the groups 
(Fig. 4). 

In contrast, intranasal administration of rBet v 1-CTB prior 
to sensitization with BP led to a 273% increase of lympho- 
proliferative responses of lung cell cultures (SI: 5.6 ± 5.2) 
and a 163% enhanced response of spleen cells (SI: 5.1 ± 
SD 3.5) as compared to the sensitized animals (SI: 1.5 ± SD: 
0.7 respectively SI: 1.9 ± SD: 0.3) (Fig. 4). 

However, intranasal administration of unconjugated Bet v 1 
resulted in a 37-44% reduction of allergen-specific lympho- 
proliferative responses in lung (SI: 1.5 ± 0.2 ) and spleen 
cells (SI: 2.0 ± 0.3 ) as compared to the sensitized animals 
(SI: 2.4 ± 0.9 respectively SI: 3.6 ± 1.7) (Fig. 4). 

Pretreatment with OVA-CTB decreases production of IL~5 and 
lL-4, whereas rBet v 1-CTB leads to increased cytokine 
production in vitro 

In vitro production of IL-5, IL-4, lL-10 and IFN-y was measured 
in spleen and lung ceil cultures of sensitized and pretreated 
animals. Intranasal administration of OVA-CTB conjugates 
prior to sensitization led to reduced IL-5 and IL-4 production 
in cultures of pooled spleen and lung cells compared to the 
sensitized controls (Table 1). IFN-yand tL-10 levels of did not 
markedly differ between the groups. No significant differences 
in lL-5 and IFN-y production were observed in cell cultures 
of mice pretreated with unconjugated OVA compared to OVA 
sensitized mice (Table 1). 

In contrast, pretreatment with rBet v 1-CTB led to a drastic 
increase of IL-5, IL-4, IFN- yand IL-10 production in spleen and 
lung ceil cultures compared to the cytokine levels measured in 
cultures of the sensitized control animals (Table 1). This 
augmented immune response in vitro was consistent with 
the enhanced allergen-specific antibody responses in vivo 
(Fig. 3). 

The opposite effects were obtained from mice intranasally 
treated with unconjugated Bet v 1 prior to sensitization. In 
line with the suppressed antibody production (Fig. 4) also the 
in vitro production of IL-5, lL-4, lL-10 and IFN-y was markedly 
reduced compared to that of the sensitized animals (Table 1). 



Discussion 

In the present study we demonstrated that the use of antigen- 
CTB conjugates had opposite effects on Th2-like immune 
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Fig. 3. Serum IgE, lgG1 and IgG2a antibody responses against OVA or Bet v 1 measured by ELISA. (A) White bars represent the mean OD 
of six control mice immunized with OVA or Bet v 1/BP according to the standard protocol. Hatched bars represent the mean OD of six mice, 
intranasally treated with OVA-CTB or rBet v 1-CTB prior to sensitization. (B) White bars represent the mean OD of six control mice immunized 
with OVA or Bet v 1/BR Black bars represent the mean OD of six mice, intranasally treated with unconjugated OVA or unconjugated rBet v 1 
prior to sensitization. Error bars show SEM. *P < 0.05, "P < 0.01, Mann-Whitney U-tesl 



responses depending on the antigen coupled to CTB. Intra- 
nasal adnninistration of OVA-CTB conjugates prior to sensitiza- 
tion suppressed, whereas adnninistration of rBet v 1-CTB 
conjugates stinnulated immune responses in vivo and in vitro. 

Previous reports have demonstrated that mucosal adminis- 
tration of soluble antigens conjugated to CTB is more effective 
than that of unconjugated antigens to induce peripheral 
tolerance in naive as well as sensitized animals. These studies, 
mainly performed in models of Th1- mediated diseases, 



consistently reported about the ability of antigen-CTB conjug- 
ates to reduce delayed-type hypersensitivity reactions or 
T cell responses in vitro (5,6,7,22). 

Less data exist about the suppressive effects on Th2- 
like immune responses. A recent study showed that CTB 
conjugated to the Leishmania antigen LACK or OVA selectively 
reduced Th1 responses (IFN-7 production), whereas Th2 
responses (IL-4/IL-5 production) remained unaffected by this 
treatment. It was therefore suggested that the selective toler- 
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Fig. 4. Relative levels of stimulation indices of responder cells from lung and spleen cell cultures, stimulated with OVA or BP antigen. The 
white bars represent the proliferative response of sensitized mice, hatched bars of antigen-CTB pretieated mice and blacl< bars of mice 
pretreated with unconjugated antigen prior to sensitization. The stimulation index of the sensitized mice was set to 100% and the stimulation 
indices of the pretreated groups were expressed as relative values. 



Table 1. In vitro cytokine production in spleen and lung ceil cultures 



Spleen cells 


Pretreatment 


Sensitization 


IL-5 


IL-4 


IL10 


IFN-y 


NaCI 


OA 


39.6 


4.8 


8.9 


n.d. 


OA/CTB 


OA 


18 


5 


19.7 


n.d. 


NaCI 


Bet V 1/BP 


2.3+0.9 


ia3±7.2 


72.3+25.2 


75.9+48.0 


rBet V 1/CTB 


Bet V 1/BP 


141.2±115.5** 


28.2±22.1 n.s. 


319.8+193** 


151 7.9± 10633** 


NaCI 


OA 


68.8±10.7 


n.d. 


n.d. 


309.0+370.2 


OA 


OA 


56.9±67.8 n.s. 


n.d. 


n.d. 


234.8±414.3 n.s. 


NaCI 


Bet V 1/BP 


81.7±170 


44±97.2 


108±65.16 


1041.6±931.3 


rBet V 1 


Bet V 1/BP 


2.4+4.1* 


1.7±2.4 n.s. 


68.5+49.5 n.s. 


17.1 + 14.5** 



Lung cells 


Pretreatment 


Sensitization 


IL^5 


IL-4 


IL10 


IFN-7 


NaCI 


OA 


86.5 


8.1 


18.9 


90 


OA/CTB 


OA 


11.4 


4.7 


20 


120 


NaCI 


Bet V 1/BP 


22.2+28 


5.7 + 13 


5-3±9 


7.7+11.8 


rBet V 1/CTB 


Bet V 1/BP 


135±197* 


3.3±3.9 


56.8+39" 


103.5+110 


NaCI 


OA 


272±53.3 


n.d. 


n.d. 


7.7+11.8 


OA 


OA 


163 + 197 n.s. 


n.d. 


n.d. 


62.5+114.5 n.s. 



Concentrations of cytokines in supernatants of spleen- and lung ceil cultures (n = 6/group) of mice intransaliy pretreated or sham- (NaCI) 
pretreated before sensitization. IL-5 and IL-4 production (pg/m!) was measured after 24 hours, IL-10 and IFN-7 (pg/ml) after 48 hours stimulation 
with antigen. Values represent the mean of 6 individual cell cultures of each group (± standard deviation). In the experiment of OA/CTB 
pretreated and OA sensitized mice spleen and lung cells were pooled within each group, n.d. = not done, n.s. = non significant, * P< 0.05. 
** P< 0.01 . 



ance of Th1 ceils was due to a common effect of CTB rather 
than an antigen-specific effect of the proteins conjugated to 
CTB. The authors concluded that such therapeutical strategies 
might therefore preferentially be used for treatment of 
Th1 -based immunopathological situations (22). However, 
another study recently reported that a similar antigen delivery 
system — the bacterial product LTB coupled to OVA — could 
suppress both Th1 and Th2 responses, as demonstrated in a 



decreased delayed-type hypersensitivity reaction as well as 
suppressed OVA-specific IgE antibody responses (8). 

In the present study we used our murine model of aerosol 
sensitization to investigate the potential of two different anti- 
gens, the dietary antigen OVA and the Inhalant allergen Bet 
V 1 . coupled to CTB for their potential to affect Th2-like immune 
responses. Our present data demonstrated that intranasal 
pretreatment with OVA-CTB conjugates led to a significant 



reduction of OVA-specific IgE antibody levels. We also noted 
a significant increase in antigen-specific lgG2a antibody 
production, indicating the capacity to drive the immune 
response towards a ThMike response (Fig. 3A). The reciprocal 
activities of IL-5/IL-4 — crucial for induction 017^2 responses— 
and IFN-y known to control the production of lgG2a in the 
murine system— is well documented (12,23). In accordance 
with the antibody responses the in vitro synthesis of IL-5/IL- 
4, but not of IFN-x was markedly decreased in lung and 
spleen cell cultures of OVA-CTB pretreated mice (Table 1). 
This immunomodulating effect was due to the CTB component 
of the conjugate, since intranasal application of comparable 
amounts of unconjugated OVA could not reduce IgE or 
enhance lgG2a antibody levels (Fig. 3B), nor significantly 
modulate the cytokine production profile (Table 1). Our data 
indicates that Th2 responses can be influenced by intranasal 
administration of OVA-CTB. This is in contrast to the study of 
McSorely et aL, reporting that pretreatment with OVA-CTB 
conjugates via the same route failed to affect Th2 immune 
responses (22). 

Notably, using rBet v 1-CTB conjugates under identical 
experimental conditions resulted in a general stimulation of 
allergen-specific antibody production of all isotypes in serum 
(Fig. 3A) and a concomitant increase of IgA in BAL. T cell 
proliferative responses and the cytokine production in vitro 
(IL-5, IL-4, IFN-y and IL-10) were also significantly enhanced 
in cell cultures (Fig. 4 and Table 1). In contrast to Bet v 1 
coupled to CTB, intranasal application of unconjugated Bet 
V 1 led to a significant reduction of antibody responses of all 
isotypes (Fig. 3B), T cell proliferation (Fig. SB) as well as 
cytokine production in vitro (Table 1). These observations 
demonstrated that, in the case of Bet v 1. CTB acted as an 
efficient adjuvant. 

It has been demonstrated that the method of conjugation 
can influence the effect of such a transmucosal delivery 
system in terms of suppression or stimulation of the immune 
responses. These different effects have been explained by 
possible alterations of the antigen structure due to different 
methods of conjugation (8,24). Since we used the same 
method of conjugation for both antigens, our study indicates 
that the nature of the antigen per se influenced the quality of 
the immune response. It has been suggested that certain 
allergens have intrinsic abilities— in addition to acting as an 
immunogen — to intervene with regulatory processes involved 
in the development of allergy. Such intrinsic activities can be 
due to enzymatic properties (25-27) and/or certain molecular/ 
structural features of the allergen. In the latter respect, Bet v 
1 shows conformational epitopes, which can be destroyed 
by producing two parts of the molecule (28), whereas OVA is 
known to possess only continuous epitopes (29). These 
structural differences of the two molecules might have been 
responsible for the different outcome of the treatment with 
conjugated as well as unconjugated Bet v 1 compared to OVA. 

In conclusion, considering CTB as a potential antigen- 
delivery system in Th2-based immunopathological condi- 
tions—such as type I allergy— the above described formula- 
tion might only be successfully applicable with certain 
allergens. Consequently, the effects of novel adjuvants/anti- 
gen-detivery systems cannot be generalized based on experi- 
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ments performed with model antigens, but need to be 
individually evaluated. 
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Abstract 



Various animal models including guinea pigs, monkeys, dogs, rats, and mice have been established in an attempt to provide 
insights into the complex immunological and pathophysiological mechanisms of human type I allergic diseases. The detailed 
knowledge of the murine genome, the various components of the murine immune system, and the generation of engineered mice has 
made the murine system the most attractive among all animal models. The availability of multitude technologies and reagents to 
characterize and manipulate immunological pathways and mediators adds to the outstanding opportunities to assess the pathology 
of allergic diseases and to develop novel therapeutic strategies in mice. Numerous sensitization protocols with food and aero-al- 
lergens are used to establish an allergic/asthma-like phenotype in mice. Requirements for an appropriate murine model include a 
close resemblance to the pathology of the disease in humans, the objective measurement of the physiologic parameters, as well as 
reliability and reproducibility of the experimental data. With respect to reproducible experimental conditions, it has been recognized 
that extract preparations from natural allergen sources can vary in their allergen-content and -composition. This might influence the 
degree of sensitization or the outcome of treatment strategies in dependence of the apphed extract preparation. The use of re- 
combinant allergens in experimental in vivo and in vitro systems can overcome these problems. Another aspect, that has become 
obvious from the experimental studies, is that allergens can differ in their immunogenicity as well as in their capacity to act as 
tolerogens. Therefore, it seems important that the efficacy of the different allergen-molecules to act as therapeutic agents is indi- 
vidually examined. In this review, examples of animal models are described, in which recombinant allergens have been used for 
sensitization and/or treatment of allergic responses and how they have been used to enhance our understanding of the pathology of 
allergic diseases. 

© 2003 Elsevier Inc. All rights reserved. 



1. Background 

LL Type I allergy and asthma 

Allergic diseases such as bronchial asthma are in- 
volving complex interactions between exogenous factors 
such as allergen exposure, infections and other environ- 
mental stimuli, and genetically determined factors. 
Bronchial asthma is a chronic inflammatory disease 
defined by chronic airway inflammation, reversible 
broncho-obstruction, and non-specific airway hyper- 
responsiveness (AHR). Sensitization to normally harm- 
less environmental antigens (pollen, house-dust mite, 
etc.) is thought to be the prerequisite for initiating the 
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inflammatory cascade in bronchial asthma. Repeated and 
continuous allergen-aerosol exposure causes inflamma- 
tion of the airway mucosa and submucosa, which is or- 
chestrated by Th-2 type T-cells. These cells produce Th-2 
cytokines (IL-4, IL-5, IL-9, IL-13, and IL-I5), which 
regulate both IgE production and airway inflammation. 
Particularly, airway inflammation is thought to be the 
main underlying pathological aspect of bronchial asthma, 
characterized by the influx of eosinophils and activated 
CD4+ T-cells. Tissue damage due to eosinophil degran- 
ulation products— and as a consequence airway mucosa 
remodelling— may contribute to severity of the disease 
and development of AHR, An ideal treatment of already 
established bronchial asthma should cure the disease. At 
present, as for most multifactorial and chronic condi- 
tions, this has not been achieved. Another important 
approach represents primary and secondary prevention. 
Normally, environmental allergens are recognized as 
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harmless antigens. The appropriate immune response 
pattern can be described as development of T-cell toler- 
ance. Inability to either develop or maintain tolerance will 
then result in the development of Th-2 mediated inflam- 
mation in a susceptible individual. The immune system 
offers a wide range of mechanisms to prevent or suppress 
such dysregulations including induction of counter-active 
Th-l cells, CD-8 suppressors, regulatory T-cells, and 
production of anti-inflammatory/suppressive cytokines, 
including IL-10 and TGF-P. 

1.2, Current treatment against type I allergy in humans 

Specific immunotherapy (SIT) is performed by in- 
jection of increasing amounts of allergen extracts to 
induce hyporesponsiveness to the respective allergens. 
Even though SIT is an effective treatment in many cases 
of allergic rhinitis and in allergy to insect venom, certain 
drawbacks, such as the long duration of the treatment or 
the risk of anaphylactic side reactions, have to be taken 
into accoimt. Moreover, the use of allergen extracts 
encounters the possibility of de novo sensitization 
against components present in natural allergen prepa- 
rations. Therefore, the concept of a component resolved, 
patient-tailored therapy using the disease -eliciting 
allergen in recombinant form, as well as a change to less 
invasive routes have been suggested for enhanced 
treatment efficacy [1,2], 

The mechanisms operating in SIT are still not com- 
pletely understood. It seems that several immunological 
pathways are involved in the clinical improvement 
achieved by the common SIT schedules: (I) rise in al- 
lergen-specific IgG antibodies, in particular IgG4, which 
is supposed to block the allergen and IgE-facihtated 
allergen presentation to T-cells [3-5]; (II) generation of 
IgE-modulating CD8+ T-cells [6]; (III) reduction in the 
number of mast cells, eosinophils, and release of medi- 
ators [7,8]; and (lY) modulation of allergen-specific T 
cells: a shift from Th-2 to Th-l cytokine pattern with a 
decrease of IL-4 and IL-5 production accompanied by 
an increase of IFN-y (immime deviation) [9-11]; (V) 
moreover, the induction of an anergic state in peripheral 
T-cells (immunologic tolerance), which is mediated by 
IL-10 and characterized by suppressed proliferative and 
cytokine responses against major allergens, represents 
an important aspect in successful SIT [12]. 

1.3. Mucosal tolerance 

Mucosal tolerance describes a state of an antigen- 
specific non-responsiveness of the immune system in- 
duced by mucosal application of soluble antigen. Based 
on the physiological role to inhibit hypersensitivity re- 
actions towards harmless antigens— such as environ- 
mental inhalant allergens, food or the commensal 
bacterial flora— mucosal tolerance induction has been 



suggested as a treatment strategy against several in- 
flammatory diseases. In that respect experimental stud- 
ies have demonstrated the efficacy of mucosal antigen 
administration in preventing the onset or severity of 
certain Th-l -based autoimmune diseases [13-15] and 
in suppressing Th-2 based allergic immune responses 
[16-18]. 

The mechanisms of tolerance induction seem to be 
very complex and depend on many factors, such as the 
nature of the antigen, antigen-dose, and frequency of 
application. High-dose antigen administration prefer- 
entially leads to T-cell anergy or deletion [19-21]. Ap- 
plication of low antigen-doses favours the induction of 
regulatory T-cells, of which several subtypes with dis- 
tinct cytokine secretion pattern of TGF-p and IL-10 
have been described [22-24]. Additional data suggest 
also a role of CD8+ Tr cells in tolerance induction [25]. 
Antigen-presenting cells, in particular dendritic cells 
(DCs) seem to play an important role in determining the 
outcome of an immune response: in dependence of the 
maturation state [26,27] and/or the phenotype of DCs 
[28] antigen presentation leads to suppressive immune 
responses or induction of inflanmiatory signals. Re- 
cently, distinct DC populations from different mucosal 
compartments were described, showing that gastroin- 
testinal tract-DCs preferentially lead to induction of 
TGF-P producing Th3 cells, whereas DCs from the re- 
spiratory tract favour the activation of IL-10 producing 
Tr-1 cells [29,30]. 



2. Animal models of type I allergy and asthma 

An ideal mouse model for human type I allergic 
diseases such as bronchial asthma should resemble the 
major features of the human disease including high 
levels of allergen-specific immunoglobulin production, 
immediate hypersensitivity with early and late phase 
responses, airway inflammation characterized by the 
influx of T-cells, eosinophils and some neutrophils, de- 
velopment of airway hyperresponsiveness, and chronic 
airway remodelling with deterioration in lung function. 
Until now no mouse model has been available, which 
resembles all of these features of human bronchial 
asthma. EspeciaUy the development of chronic airway 
inflammation and airway remodelling is not yet reached. 
In mice, exposure to allergens induces allergen-specific 
immunoglobulin production associated with the devel- 
opment of immediate cutaneous hypersensitivity reac- 
tions after allergen challenge. In addition, after repeated 
airway allergen challenges these mice develop acute but 
not persistent airway inflammation, including eosinophil 
accumulation and both, airway hyperresponsiveness to 
unspecific stimuli such as methacholine and acute 
broncho-obstruction during allergen-aerosol exposure 
[31,32]. However, the level and quahty of such a Th-2 
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biased immune response depend largely on the genetic 
background of the mice, the route, dose and frequency 
of exposure to the allergen, and the type of adjuvant 
being used. 

2.1. Genetic background (Table 1) 

As in humans, the establishment of a full-type asth- 
matic syndrome in mice seems to be highly dependent on 
the genetic background of the used mouse strain. Based 
on the level of allergen-specific IgE/IgGl production 
and the degree of airway inflammation following 
repeated airway allergen challenges, high- and low- 
responder mouse strains were identified. It becomes 
apparent that each individual mouse strain demon- 
strates a unique response pattern following immuniza- 
tion to allergens. In many studies, either BALB/c or 
C57BL/6 mice were used. BALB/c mice are known as 
IgE-high responders to many allergens (e.g., ovalbumin, 
OA), whereas C57BL/6 and SJL mice are characterized 
as intermediate and low-IgE responder animals (Table 
1). All strains develop cutaneous immediate-type hy- 
persensitivity reactions due to mast cell degranulation 
triggered by cross-linking of membrane-bound allergen- 
specific IgE and IgGl antibodies after allergen chal- 
lenge. However, the inflammatory component of the 
lung and the severity of altered lung fxmction differ be- 
tween the strains [33], In OVA-sensitized BALB/c mice, 
a marked increase in lymphocytes, eosinophils, and 
neutrophils in bronchoalveolar lavage (BAL fluids) is 
paralleled by elevated production of IL-4, IL-5, and 
TNF-a in the lung. In contrast, in OVA-sensitized 
C57BL/6 mice, the inflammatory immune response in 
the lung is much weaker; Moreover, BALB/c mice 
demonstrated greater degree of airway hyperreactivity 
as C57BL/6 mice, indicating that the same allergen 
causes different phenotypes dependent on genetical 
prerequisites. Although the recruitment of eosinophils 
to the airways is a central featxire of all mouse models of 
asthma, and although this cell population has been 
linked to the development of the asthma phenotype, 
the contribution of eosinophils to the development of 
altered airway function remains controversial. Indeed, 
several studies with wild-type and knock-out mice im- 



plicate IL-4 as the key cytokine and suggest that in- 
creased airway resistance (AR) can occur independently 
of IL-5 and eosinophils [34-37], whereas other studies 
provide equally convincing evidence that IL-5 is the 
critical cytokine [38-41]. Furthermore, it has been 
shown that passive sensitization of BALB/c mice with 
allergen-specific IgE and IgGl antibodies alone is suffi- 
cient to induce a state of increased AR and airway in- 
flammation following airway allergen challenges [42]. 
Recently, it was demonstrated that early phase bron- 
choconstriction reqtiires allergen-specific IgGl, but 
is independent of allergen-specific IgE and mast cell 
activity [43]. 

2.2. Protocols of allergic sensitization and airway inflam- 
mation 

Sensitization to inhalant and/or food allergens de- 
termines the first phase in a dynamic set of events 
leading to allergic bronchial asthma. In mice, a wide 
variety of soluble proteins are used to establish an 
allergen-specific IgE/IgGl immxme response, which is 
associated with the development of cutaneous immedi- 
ate-type hypersensitivity responses and airway inflam- 
mation. However, several factors directly influence the 
quality and quantity of the immune response to the al- 
lergen and differences in the protocols can have drastic 
effects on the development of the asthma-like phenotype 
in mice, and as a consequence appropriate interpretation 
of the results becomes difficult. As a model-allergen 
ovalbumin, a dietary allergen in humans is widely used 
in animal experiments, in addition to a variety of several 
clinical important inhalant allergens—such as those from 
birch and grass pollen or house-dust mite allergen, and 
pet allergen— used for allergic sensitization [44]. The 
route of allergen administration has an important im- 
pact on the quality of the immune response. The highest 
immxme response is achieved by a combination of sys- 
temic sensitization, to induce peripheral priming of the 
immune response, and repeated airway allergen chal- 
lenges to induce airway inflammation. This is achieved 
by systemic (subcutaneous, intraperitoneal) injection(s) 
of antigen/ allergen adsorbed to the adjuvants aluminium 
hydroxide Al(OH)3, long known to induce Th-2 



Table 1 

Development of iimnediate type I hypersensitivity responses to allergens, airway inflammation, and altered lung function in different mouse strains 

Mouse strain MHC class-II OVA Birch pollen House-dust mite Ragweed 

BALB/c High High Low Low 

C57BL/6 H-2** Intermediate Intermediate High High 

CBA H-2'' Intermediate n.d. High High 

SJL H-2= Low n.d. Low n.d. 

Mice of different strains were sensitized by intraperitoneal injection of the allergen on days 1,14, and 21. On days 26 and 27, mice received two 
consecutive airway allergen challenges by aerosolization of the allergen as previously described. Development of an asthma-Uke phenotype was 
assessed by measurement of allergen-specific serum IgE/IgGl antibody titers, assessment of airway inflammation, determination of airway 
responsiveness to unspecific stimuli, and analysis of skin test responses. Animals were considered as "high responder" mice if all read-out systems 
gave positive results. Low responders were mice that did not mount a specific IgE response and had normal airway responses. 
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responses, followed by multiple airway allergen chal- 
lenges. The allergen could be delivered either by aero- 
solization of the allergen or instillation by intratracheal 
or intranasal application. Such protocols result in a 
maximal and reproducible induction of an inflammatory 
immune response in the airways paralleled by develop- 
ment of airway hyperresponsiveness. 

That systemic priming prior to mucosal antigen ap- 
plication is essential for induction of allergic rnimxme 
responses has become obvious from studies by Holt 
et al., showing that antigen inhalation alone led to a 
preferential suppression of antigen-specific IgE anti- 
bodies [16,45], The phenomenon of peripheral tolerance 
induction via mucosal surfaces has been recognized 
early in animal models after oral antigen application 
and ever since then it has been referred to as oral/mu- 
cosal tolerance [46]. 

23. The nature of the antigen 

In the majority of animal models ovalbumin (OVA) 
has been used as a model antigen to study pathophysi- 
ological events and the mechanisms behind experimental 
and clinical immunomodulations. In particular, the 
availability of OVA-transgenic mice has proved to be of 
great advantage in studies on the inductive and effector 
sites of immunostimulation and suppression [47]. 

However, with respect to experimental models of al- 
lergic asthma, sensitization with an mhalant rather than 
a dietary allergen may be closer to the situation in hu- 
mans. Moreover, it is well recognized that different an- 
tigens can vary in their immunogenicity as well as their 
capacity to act as tolerogens. As an example, we have 
previously noticed that OVA, apphed \mder identical 
experimental conditions as the birch pollen allergen Bet 
V 1, was less immunogenic (in conjunction with a mu- 
cosal adjuvant) and tolerogenic than the inhalant aller- 
gen [48]. Therefore, it seems necessary that the efficacy 
of each allergen molecule/construct to act as potential 
therapeutic agent is individually examined in a suitable 
model of type 1 allergy. 

2.4. Role of adjuvants 

Adjuvants are frequently used in conjunction with 
different vaccines, including SIT. Apart from the im- 
munoenhancing effects, certain adjuvants can also in- 
fluence the quality of an immune response. Parenteral 
antigen administration in conjunction with A1(0H)3 is 
known to promote a Th-2 response and is therefore a 
commonly used adjuvant for induction of Th-2 unmime 
responses. In mice, these responses are characterized by 
the appearance of allergen-specific IgE and IgGl anti- 
bodies in blood, associated with the production of Th-2 
type cytokines of primed lymphocytes. Certain bacterial 
compounds [49,50], bacterial DNA [51,52], or CpG-ol- 



igonucleotides [53,54] rather induce Th-1 responses, 
which belong to a new generation of immunomodula- 
tors, examined for potential use for treatment of type I 
allergy. Counterbalancing Th-2 inflammatory reactions 
can also be achieved through infection or vaccination, 
which stimulates the Th-1 development. Mouse experi- 
ments suggested a protective effect of Bacillus Cahnette- 
Guerin (BCG) vaccination [55-57], Although findings 
do not necessarily implicate a role of BCG vaccination 
in preventing allergy in humans, limited studies indi- 
cated that M. vaccae treatment in adults with asthma 
and rhinitis or in children with atopic dermatitis dem- 
onstrated clinical benefits as measured by reduction in 
use of rescue medication, severity of disease or inhibi- 
tion of the allergen-induced late-phase response [58,59]. 

In the case of mucosally applied antigens, the use of 
certain mucosal adjuvants is required to induce any 
proper immxme response. Among these, cholera toxin 
(CT), the enterotoxin of Vibrio chokrae, is one of the 
most potent experimentally used adjuvants [60]. We 
have previously shown that aerosol-treatment of aller- 
gen together with the mucosal adjuvant cholera toxin 
induced a Th- 1 response in naive mice and modxilated 
an aUergic immune response in sensitized mice. We 
proposed that also certain mucosal adjuvants could be 
useful tools for treatment strategies against allergies [61]. 



3. Animal models with recombinant allergens (Table 2) 

5.L Pollen allergy 

Birch pollen allergy. We have previously established a 
murine model of allergic sensitization to birch pollen. 
BALB/c mice were identified as high IgE-responders to 
the major birch pollen allergen Bet v 1. The standard 
sensitization scheme is based on an intraperitoneal in- 
jection of recombinant (r) Bet v 1 adsorbed to Al(OH)3, 
followed by an aerosol challenge with the whole birch 
pollen extract. This sensitization procedure leads to high 
allergen-specific IgE and IgGl levels, associated with 
positive type I skin tests in vivo, as well as high IL-4 and 
IL-5 versus low IFN-y production in vitro in response to 
birch pollen. Moreover, these mice develop airway in- 
flammation, characterized by eosinophilia and IL-5 
levels in lungs and bronchial alveolar lavage (BAL), as 
well as airway hyperresponsiveness [62,63]. Using this 
model immunqmodulation was achieved either by 
injection of the immunodominant peptide [64] or by 
mucosal application of rBet v 1 prior to or after sensi- 
tization. Intranasal or oral application of rBet v 1 led to 
suppression of allergen-specific antibody levels of all 
isotypes, reduction of IL-4, IL-5, and IFN-y, as well as 
inhibition of airway inflammation and airway hyper- 
responsiveness in naive and sensitized mice [65,66]. Low 
dose tolerance induction prior to sensitization lasted up 
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to a year and at least 6 months in mice tolerized after 
sensitization. This indicated that Bet v 1 acts as a strong 
tolerogen. Further experiments were carried out to 
investigate the underlying mechanisms of tolerance 
induction. It was found that the state of tolerance was 
associated with increased levels of TGF-p. Furthermore, 
tolerance could be transferred by CD4+ T-cells, and 
to a lesser extent also by CD8+ T-cells, indicating 
active suppression as a central operating mechanism [67] 
(see Table 2). 

Grass pollen allergy. Unlike in birch pollen allergy, 
several allergens have been characterized as major al- 
lergens in grass pollen allergic patients. To analyse the 
allergenic potency of these allergens, BALB/c mice were 
immunized with recombinant Phi p 1, Phi p 2, Phi p 5 or 
Phi p 6. It was demonstrated that only those allergens 
that bind high levels of IgE in humans induced high IgE 
and IgGl levels in mice, indicating that the immuno- 
genicity of the allergens is similar in humans and mice. 
Moreover, repeated immunizations with single re- 
combinant allergens led to induction of protective IgGl 
antibodies, since these IgGl antibodies strongly inhib- 
ited human IgE binding to the allergen and suppressed 
allergen-induced histamine release from human ba- 
sophils [68]. 

Usmg recombinant grass pollen allergens for intra- 
nasal tolerance induction revealed that the tolerogenic 
property of an allergen was not closely related to its 
immunogenicity: in comparison to Bet v 1, tolerance 
induction with Phi p 5 only led to incomplete immu- 
nosuppression, whereas sensitization with Phi p 5 led to 
higher hmnoral and cellular immune responses as well as 
stronger airway inflammation than in Bet v I sensitized 
mice [69]. 

Other models of pollen-associated allergies have been 
established aiming at evaluating the immune responses 
to recombinant and natural Ole 1 in comparison to the 
sensitization pattern of olive pollen allergic patients [70], 
or to study the efficacy of peptide-based oral immuno- 
therapy against Japanese cedar pollinosis [71]. 

5.2. House-dust mite allergy 

A model of allergic asthma to house dust mite was 
established by systemic priming and subsequent intra- 
nasal challenge with minute amounts (I jig) of the group 
1 allergen of Dermatophagoides pteronyssinus^ Der p I in 
C57BL/6J mice. This sensitization protocol led— in the 
absence of allergen-specific IgE—to extensive pulmonary 
eosinophilic inflammation, which shared many features 
of inflammation found in human asthma, such as eo- 
sinophilic influx into the large airways, mucus plugging, 
and formation of Charcot-Leyden crystals [72], These 
results differed from our studies in the model of birch 
pollen allergy in BALB/c mice, where airway inflam- 
mation was only achieved by inhalation of high doses 
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(mg amounts) of allergen and in the presence of IgE. 
These differences might be related to either distinct in- 
trinsic properties of various allergens or to genetic dif- 
ferences in the mouse strains used to sensitize against 
house-dust mite and birch pollen. 

It was shown further that intranasal administration 
of high doses of the immunodominant T- cell epitope of 
Der p 1 induced long-lasting tolerance. Tolerance to the 
immxmodominant epitope inhibited T-cell responses to 
all other epitopes of Der p 1 in mice challenged with the 
intact protein. This phenomenon was termed "'linked 
suppression," mediated by CD4+ cells. The mechanism 
of linked suppression was not associated with suppres- 
sive or anti-inflammatory cytokines, such as TGF-p or 
IL-10, but with the Notch signalling pathway, that 
generally regulates cell differentiation through cell- 
contact dependent mechanisms. In this case, cell-cell 
contact via an interaction of Delta- 1 expressed on in- 
hibitory T-cells and its ligand Notch on naive cells may 
result in transmission of negative signals preventing 
clonal expansion [73-75]. 

Recently, it was demonstrated that the route/type of 
sensitization can influence the effects of peptide induced 
tolerance. Only after systemic immunization with Der p 
1, but not after respiratory immunization—subsequent 
to intranasal peptide tolerance induction— C56BL/6 J 
mice exhibited reduced allergen-specific IgE; immimo- 
suppression at the cytokine level (Th-l and Th-2 
responses) was however induced by either type of 
sensitization [76], 

A murine model of type I allergy to the group 2 
allergen of Dermatophagoides farinae, Der f 2, was 
estabhshed aiming at inducing tolerance by oral 
application of recombinant Der f 2 [77]. Very high oral 
doses (20 mg) of the recombiftant allergen were neces- 
sary to suppress allergen specific immune responses as 
well as immediate airway constriction and neutrophil 
influx into the airways [77|, Intranasal treatment with 
recombinant Der f 2 or a mutant of Der f 2 was 
associated with a downregulation of CD23 expression 
on B-cells; however, no direct changes in allergen- 
specific IgE/IgGl or Th2 cytokines, such as IL-4 or 
IL- 5, were observed [78]. 

3,3. Latex allergy 

Mice have been shown to mount a dose and time 
dependent IgE response to latex proteins foUowing 
topical, respiratory, and subcutaneous exposure [79]. 
Bronchoconstriction was only elicited after topical, in- 
tranasal or intratracheal, but not after systemic immu- 
nization with natural allergens [80]. These data indicated 
that different clinical manifestations of the allergic 
responses depend on the route of sensitization [81,82]. 
In another study using two major recombinant aller- 
gens of latex, rHev b 1, and rHev b 3, high levels of 
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allergen-specific IgE/IgGl antibodies were induced by 
systemic immunization. Murine T cells recognized the 
same T-cell epitopes as human T-cell clones from latex 
allergic patients [83,84]. Intranasal tolerance induction 
prior to sensitization with the recombinant latex aller- 
gens led to suppression of allergen-specific IgGl/IgE 
levels and cytokine production (IL-4, IL-5, and IFN-y) 
in vitro. In contrast to tolerance induction with the 
major birch pollen allergen Bet v 1, intranasal treatment 
with recombinant Hev b 1 or Hev b 3 was less effective in 
sensitized BALB/c mice, indicating that allergens have 
varying tolerogenic properties and require individual 
doses for successful treatment [84]. 

3.4. Cat allergy 

Mice sensitized with Fel d 1, the major cat allergen, 
exhibited T-cell, B-cell, and mast-cell responses when 
challenged with the protein. Subcutaneous injections 
of peptides containing the inunimodominant T-cell 
epitopes of the allergen induced T-cell tolerance in 
pre-sensitized mice. The fact that these tolerized mice 
produced a decreased amoimt of histamine in vivo, in-, 
dicated that histamine release was not solely dependent 
on the reduction of allergen-specific IgE. These data 
showed that mast cell activity in mice with established 
type I allergy can be regulated through peptide-induced 
T-cell tolerance [85,86]. 

3.5. Bee venomlWasp venom allergy 

In CBA/J mice, sensitized with phospholipase A2 
(PLA2)— a major bee venom allergen— daily treatment 
for 6 days by i.p. injections with overlapping peptides, 
spanning the entire PLA2 molecule, resulted in signifi- 
cant reduction of allergen-specific IgE and an increase in 
IgG2a antibodies. The marked T-cell unresponsiveness 
was characterized by a shift from a Th2 to a Thl profile. 
Upon rechallenge with the native PLA2, the treated mice 
were fully protected from anaphylaxis [87]. Also after 
intranasal application of the overlapping peptides of 
PLA2 an immunological hyporesponsiveness, associated 
with an enhanced IgG2a response, was induced. As 
underlying mechanism clonal anergy was discussed, 
affecting more profoundly the Th-2 responses [88]. 
Successful immunotherapy with T-celi epitope-peptides 
inducing T-cell anergy was recently shown in bee venom 
allergic patients [89], 

Concerning wasp venom allergy we have sensitized 
BALB/c mice with Vespula vulgaris venom extract 
without the use of adjuvant, thereby mimicking the 
natural route of sensitization. Mucosal pretreatment 
with recombinant Ves v 5, one of the major allergens of 
wasp venom, led to immimosuppression not only 
against Ves v 5 but also against the whole wasp venom 
extract. Unlike in the studies with bee venom PLA2, 



tolerance induction was not associated with a shift from 
Th-2 to Th-1 responses, but a general immunosuppres- 
sion due to regulatory mechanisms [90]. 

4. New approaches for prophylaxis and therapy of type I 
allergy 

4.1. Systemic immunization — induction of protective IgG 

Allergen-derivatives with reduced allergenicity have 
been promoted to prevent anaphylactic side reactions 
during SIT [91]. In that respect, it was shown that im- 
munization of mice with two recombinant fragments of 
Bet V 1, which failed to bind IgE due to a loss of B cell 
epitopes, induced the production of IgG antibodies that 
cross-reacted with the complete Bet v I . The antibodies 
inhibited the IgE binding of allergic patients to the wild 
type allergen [92,93]. Similar results of induction of 
protective IgG antibodies were achieved after immuni- 
zation of ndce Avith peptides derived from B-cell epitopes 
of Phi p 1 [94], or with recombinant hybrid allergens of 
the major grass pollen allergens Phi p 1, Phi p 2, Phi p 5, 
and Phi p 6 [95]. 

Induction of non-anaphylactic blocking IgG anti- 
bodies has also been achieved using Bet v 1 mimotopes for 
immunization [96]. Conjugation of these mimotopes to 
monovalent fusion proteins not only generated IgG that 
could inhibit human IgE binding, but also presented to be 
safe candidates for therapy as these conjugates could not 
cross-Unk cell-bound IgE in sensitized mice [97]. 

4.2. Induction of mucosal tolerance 

Hypo allergenic molecules have also been shown to be 
promising candidates for mucosal tolerance induction. 
Prophylactic treatment with a hypo allergenic fragment 
of Bet v 1 led to a comparably strong suppression of T 
and B cell responses and inhibition of airway inflam- 
mation as with the whole recombinant Bet v I molecule 
[67]. Recent data suggest that such fragments can also be 
successfully used for mucosal treatment of already sen- 
sitized mice [98]. The mechanism of tolerance induction 
seems to depend on the structure of the molecule, as 
fragment treated mice— in contrast to Bet v 1 treated 
xnice— did not exhibit elevated TGF-p levels nor was 
tolerance transferable with CD4+ or CD8+ T cells [67]. 

Based on the fact that many allergic patients are 
sensitized to several unrelated allergens, tolerance in- 
duction with a panel of simultaneously applied allergens 
is a desirable goal. We have estabhshed a model of 
polysensitization with recombinant Bet v I, Phi p 1, and 
Phi p 5. Intranasal tolerance with a mixture of the im- 
munodominant peptides of the three allergens led to a 
marked decrease of the IgE/IgG2a ratio and a decrease 
in Th2 cytokines. Similarly as observed after treatment 
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Table 2 

Examples for mouse models of type I allergy using recombinant allergens 



Antigen 



Mouse strain Sensitization 



Treatment 



Effects 



Reference 



OVA 



OVA 



Bet V 1 



BALB/c i.p. OVA/alum 



BALB/c i.p. OVA/Al(OH)3, 
OVA aerosol 
challenge 

BALB/c i-p. Bet v I/Al(OH)3; 

aerosol with birch 
pollen extract 



Bet V 1 BALB/c i.p. Bet v 1/A10H)3; 

aerosol with birch 
pollen extract 



Bet V 1 



Bet V 1 



BALB/c 



Ole e 1/ BALB/c 
Olive pollen 

Cryj2/ BALB/c 
Japanese 
cedar pollen 

Der p 1 C57BU6 



i.p. Bet V l/Al(0H)3; 
aerosol with birch 
pollen extract 



BALB/c i,p. Bet v 1/A1(0H)3 



Bet V 1 BALB/c i.p. Bet v l/Al(OH)3 



i.p. Ole e l/Al(OH)3 
i.n. Cry j 2 + CT 



s.c. Der p l/Al(OH)3; 
i.n. Der p 1 



Der p 1 C57BU6 s.c. Der p 1/FCA 



Oral OVA prior sens. 



n.d. 



IgE 

IgGl 

IFN-7 

IgGl/IgE 
IL-4/IL-5 
Airwayinflamm. 
AHR 



i.n., oral rBet v 1 prior IgGl, IgE, IgG2a 



and after sens. 



i.n. Bet v 1- fragment 
prior sens. 



Skin tests 

IL-4, IL-5, IFN-7 

TGF-P 

Airwayinflamm. 
AHR- 

IgGl, IgE, IgG2a 
Skin tests 
IL-4, IL-5, IFN-Y 
TGF-P 

Airwayinflamm. 
AHR 



i.n., s.c, i.p. IgGl, IgE 

CpG-ODN + Bet IgG2a 
vl prior and after sens. IFN-7 

IL-5, eosinophils 



i.d. plasmid DNA 
(pCMV-Bet vl)+/- 
CpG-ODN 



IgG2a/IgGl ratio 
IFN-Y 



i.n, L. plant arum, IgG2a/IgGl ratio 

L. lactis + Bet V 1 prior IFN-7 
and after sens. 



n.d. 



Oral Cry j 2-peptide 
prior and after sens. 



n.d. 



i.n. peptides prior 
and after sens. 



Der p 1 C57BL/6J i.p. Der p 1/A1{0H)3 i.n. peptide 



i.n. Der p H- LTB i.n. peptide 



IL-5/IFN-Y ratio 
IgGl, IgE IL-4 



IgGl, IgE 
IL-2 
IL-4 
IFN-Y 

Eosinophils, mucus 
plugging, Charcot- Ley den 
crystals in lungs 

DTH 
IgE 

IL-2, IFN-Y 
IL-3, IL-4 

IgE 

IL-4, IL-5 
IFN-Y 

IgE 

IL-4, IL-5 
IFN-Y 



Derf2 A/J 



i.p. Der f 2/FCA 
i.p. Derf 2/Al(OH)3 



Oral Der f 2 after sens. IgGl, IgE 

i.n. peptides after sens. Airwayinflamm. 

CD23 



Latex allergen BALB/c topical, i.n., s.c. latex 
allergens 



n.d. 



IgE 

Eosinophils 
AHR 



Van Halteren et al. [114] 



Renz et al. [115] 
Heiz et al. [33] 



Wiedennann et al. [48] 



Winkler et al. [66] 



Wiedennann et al. [63] 



Jahn-Schmid et al. [104] 

Hartl et al. [101] 

Repa et al. [112] 

Batanero et al. [70] 
Hirahara et al. [71] 

Clark et al. [72] 
Hoyne et al. [73-75] 

Jar nick i ct al. [76] 
Jarnicki et al. [116] 

Yasue et al. [77] 

Yasue et al. [78] 

Woolhiser et al. [81] 
Meade et al. [82] 
Thakker et al. [80] 
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Table 2 {continued) 



Antigen 


Mouse strain 


Sensitization 


Treatment 


Effects 




Reference 


Hev b 1, 
Hevb3 


BALB/c 


i.p. Hev b 1, 
Hev b 3 /Al(OH)3 


i.n. Hev bl, Hev b 3 


IgGl, IgE 
IL-4, IL-5 
IFN-Y 


- 


Hufnagl et al. [69] 


Feld 1 


BALB/c 


s.c. Fel d 1/AI(0H)3 


s.c. Fel d 1 peptides 
prior and after sens. 


IL-4, IFN-7 
Histamine- release 




Briner et al. [85] 
Treter et al. [87] 


Bee venom 


CBA/J 


i.p. PLA2/Al(OH)3 


i.p. PLA2 peptides IgE 
or IgG2a 
i.n. PLA2 peptides prior 11^4 
and after sens. IFN-7 


+ 


Von Garnier et al. [81] 
Astori et al. [88] 


Wasp venom 


BALB/c 


Wasp venom +/- 
Ai(OH)3 


i.n. Ves v 5 prior sens. 


IgGlJgE 
IgG2a 

IL-4, IL-5, IFNy 




Winkler et al. [66] 



Examples for mouse models of type I allergy using recombinant allergens. Different sensitization protocols, as well as treatment approaches are 
listed. Symbols (+, = ) indicate that the immunological and inflammatory effects in response to allergic sensitization are reduced (-), enhanced (-f) 
or remain unchanged ( = ) by the respective treatment intervention. 

Examples for mouse models of allergic sensitization without treatment procedures (n.d., not done) are also given, for which the effects upon 
allergen exposure are listed without any scoring. 

Abbreviations: i.n., intranasal; i.p., intraperitoneal; s.c, subcutaneous; i.d., intradermal; airwayinflamm., airway inflammation; and AHR, airway 
hyperresponsiveness. LTB, B subunit of the heat labile enterotoxin o{ Escherichia coli. 



with the hypoallergenic Bet v 1 derivative, IL-10 and 
TGF-p levels , were decreased, suggesting operative 
mechanisms of anergy [691. Production of hybrid pep- 
tides or chimeric molecules, containing the immimo- 
dominant sequences of several allergens, may even 
enhance the efficacy of tolerance induction in polysen- 
sitized organisms and may represent a novel form of a 
"mucosal poly-valent allergy vaccine." 

4.3, Induction of immunomodulation — shift from Th-2 
to Th-1 

DNA-based vaccination represents an attractive 
alternative to protein-based desensitization. In that 
respect, it was recently shown that prophylactic vacci- 
nation with a recombinant adenovirus expressing a 
model allergen (P-galactosidase) led to induction of al- 
lergen-specific IgG2a antibodies and IFN-y production 
in T cells. After subsequent immunization with the 
antigen, production of specific IgE was abolished, indi- 
cating a successful shift from Th-2 to Th I -responses. 
Suppression of an ongoing IgE response turned out to 
be the more difficult task and seemed to be strictly 
dependent on the immtmization protocol [99]. Similar 
results were achieved by vaccination of plasmids 
encoding the latex allergen Hev b 5 [100], the birch 
pollen allergen Bet v 1 [101], or the Japanese cedar 
pollen allergen Cry 1 [102]. 

Along these lines, application of CpG-oligonucleo- 
tides, interacting with the Toll-like receptor 9, also re- 
sults in strong Th-I responses [103]. Such CpG motifs 
have been shown to prevent pulmonary inflammation 
and Th-2 responses in mice [54,103,104]. In vitro ex- 
periments revealed induction of Th-l responses in 



PBMCs from allergic patients [105]. Conjugation of 
CpG-ODNs to allergenic molecules or peptides was 
more eifective than their co-administration [106]. Based 
on these promising data, the evaluation of CpG-ODNs 
for treatment of allergic disease in human is in progress. 

On the basis of recent epidemiologic and clinical 
studies, a possible role of certain lactic acid bacteria 
(LAB) in the prevention of allergic diseases has become 
evident [107,108], Recent experimental studies have 
shown a reduction of IgG 1 or IgE when certain LAB were 
injected or orally applied together with the particular 
allergen [109-111]. In the mouse model of birch pollen 
allergy, we could demonstrate that intranasal co-appli- 
cation of certain LAB bacteria with the recombinant Bet v 
I , prior and after sensitization with the allergen resulted in 
a shift from Th-2 to Th-1 responses, characterized by a 
marked reduction of the IgE/lgG2a ratio accompanied by 
increased IFN-7 production. We anticipated that local 
delivery of allergens by recombinant LAB may even en- 
hance the protective/immunomodulatory effects against 
allergies [112]. Along these lines, a recent study using 
recombinant LAB expressing the house dust mite allergen 
Der p I could demonstrate the efficacy of such a mucosal 
allergen-delivery system in reducing allergic immune 
responses [113]. 



5. Concluding remarks 

It is unquestionable that animal models are important 
tools for preclinical evaluation of new approaches for 
prophylaxis and therapy against different diseases in- 
cluding allergies. The results from the experimental 
studies using alternative routes of antigen administration, 
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application of recombinant or hypoallergenic molecules, 
or new antigen-carrier systems to induce coxmter-regu- 
latory immune responses are generally very promising. 
However, it is also obvious that in dependence of the 
experimental model and the antigen used, the effects as 
well as the mechanisms of action can vary, which might 
indicate the complexity of predicting clinical conse- 
quences of a new therapeutic approach. 

The most difficult task therefore remains the step from 
promising animal studies to successful use in humans, 
which can be bridged by characterization of immune 
responses towards potential»therapeutic agents in healthy 
subjects, including studies on the mechanisms in human 
in vitro systems, prior to appUcation in allergic patients. 
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